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INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer in both Europe [1] and the United States [2] . It evolves through stepwise accumulation of genetic mutations and the effects of environmental factors. Recent research has focused on the significance of tumour-associated inflammation in the development and progression of carcinoma. Inflammation and immunity are related to the pathogenesis of cancer by several mechanisms, including alterations in the intestinal microbiome, oncogene activation-induced immune reaction, and a role of local inflammation in tumour progression [3] . An elevated systemic inflammatory response is associated with poor outcome [4] , but local inflammation at the invasive front of the tumour is linked to better survival [5] . Toll-like receptors (TLRs) are a family of receptors with a significant role in defence against pathogens. They recognize microorganisms, and ligand binding to TLRs initiates signalling cascades leading to the inflammatory response [6] . TLR4 detects lipopolysaccharide from Gram-negative bacteria [7] , and previous studies concerning its role in CRC are controversial [8] [9] [10] . TLR2 recognizes several bacterial, fungal, and viral proteins [11] , and in CRC, higher TLR2 expression has been found compared to normal mucosa but with no link to prognosis [8] . Both are expressed in normal colorectal epithelium and in immune system cells [12] . We have characterized TLR2 and TLR4 tissue expression in a series of colorectal carcinomas and their metastases, evaluating tumour properties that affect expression and the influence of expression on prognosis. Our hypothesis was that TLR2 and TLR4 expression levels would change with tumour progression and show an association with prognosis.
MATERIALS AND METHODS

Patients
A case series consisting of patients with CRC was collected prospectively between April 2006 and January 2010 at Oulu University Hospital. The prospective study (Kantola et al [13] ) was explained to all newly diagnosed CRC patients who underwent surgery in our hospital during that time (n = 344). A total of 149 patients who were both eligible for the study and had signed informed consent to participate were included in the study. The Regional Ethical Committee of North Ostrobothnia Hospital District has accepted both the original study design and the follow-up study (58/2005, 184/2009, 60/2012). The study was conducted in collaboration between the Department of Surgery and the Department of Pathology.
The clinical details and follow-up information for the patients were obtained from clinical records and information about time and cause of death from Statistics Finland. The preoperative staging of CRC was made by whole body computed tomography scan and local staging for rectal cancer by magnetic resonance imaging scan. The patients with T3 or T4 rectal cancer received preoperative neoadjuvant radiation or chemoradiation therapy (n = 31) and were excluded from the final analysis, leaving a total of 118 patients. The histological features of the tumours were obtained from pathological records. The classifications used were TNM6 [14] for staging and the WHO 2010 classification [15] for grading. In addition, serrated adenocarcinomas were diagnosed according to WHO 2010 criteria, as described in more detail [15] [16] [17] . All these histopathological analyses were performed by experienced pathologist.
We defined disease-free survival as the time interval between the primary operation and detection of recurrence. Disease-free survival analysis was based on the data for patients whose primary operation was curative and who did not die for a cause other than CRC during the 5-year follow-up period (83 patients).
Immunohistochemistry
Immunohistochemistry was performed on formalin fixed, paraffin-embedded tissue sections. Tissue microarrays were conducted using the primary tumour specimens [18] , and a human kidney tissue specimen was included in the multi-tissue block as a positive control for TLR2 staining [19] . Macrophages served as positive control for TLR4 staining. Samples representing the normal mucosa and lymph node metastases were stained and analysed separately.
For antigen retrieval, sections were treated at a high temperature in Tris-EDTA buffer for 15 min. Immunostaining was performed with Dako Autostainer (Dako Copenhagen, Denmark) using mouse monoclonal antibodies (Abnova MAB0066 Clone 1030A5.138 for TLR2 and Abnova H00007099-M02 Clone 3B6 for TLR4; Abnova, Taoyuan City, Taiwan), at dilutions of 1:50 and 1:1000, respectively. For detection, we used Dako Envision kit (Dako) and diaminobenzidine (Dako basic DAB-kit) as a chromogen. For negative controls, we omitted the primary antibody and replaced the primary antibody with a mouse primary antibody isotype control.
Assessment of TLR2 and -4 expression
The two independent researchers (Paarnio K and Väyrynen S) analysed the expression of TLR2 and TLR4 with a close guidance by an experienced gastrointestinal pathologist (Karttunen TJ). The assessors were blinded to the clinical data and the results of assessment of other patient specimens, such as normal mucosa or metastases. We assessed separately the intensity and extent of the staining. Carcinoma cells at the invasive front and the bulk of the primary tumour, lymph node metastases if present, and epithelial cells in the normal mucosa were separately assessed. The intensity of the staining was assigned using a four-point scale [negative (0), weak (1), moderate (2) , and strong (3)], and the extent of staining was assigned as a percentage of positive cells (0%-100%). If there was more than one step difference in the intensity score or over 30% difference in the percentages between the two assessors, a consensus was reached after joint reevaluation [20] . Otherwise, we used the mean values of the two assessors. Histoscore (0-300) for tissue samples was obtained by multiplying the intensity score by the percentage of positive cells. 
Statistical analysis
RESULTS
TLR2 and TLR4 expression in normal colorectal mucosa and in CRC
Patient characteristics and tumour features are presented in Tables 1 and 2 . In the normal mucosa, the expression of TLR2 and -4 was cytoplasmic and present in all epithelial cells and in lymphocytes of the lamina propria ( Figure 1 ). There was a constant gradient of the expression of both, with the crypt base cells showing weaker expression than cells in the upper parts of the crypts and surface. In carcinomas, both TLR2 and TLR4 showed cytoplasmic expression (Figure 2 ), and the expression was present in all cases. In the majority of the cases, the expression was present in most tumour cells.
TLR2 expression was increased in carcinoma cells compared with normal colon epithelium ( Table 3) . Expression did not differ between the tumour bulk and the front, but levels were lower in lymph node metastases than in the primary tumours.
The TLR4 expression pattern was distinct from that of TLR2 and showed the highest levels in the normal mucosa; in cancer, the tumour bulk had lower TLR4 expression levels than the tumour front and lymph node metastases ( Table 3) .
The comparison between TLR2 and TLR4 expression levels is shown in Table 4 . The intensity of staining did not differ in the invasive front, but TLR2 staining was significantly stronger in the tumour bulk, as was TLR4 staining in both the lymph node metastasis and the normal mucosa.
Weak intensity (less than 2) of TLR4 staining in free survival, we grouped cases according to the intensity of staining into two categories: weak staining, with an intensity score less than 2, and strong staining, with an intensity score of 2 or higher. The most significant finding was the association between strong TLR4 expression in the tumour front and 36.9% (p = 0.044) better cancer-specific survival with cancer of the proximal colon compared with weak TLR4 expression (Table 5 ). Strong TLR4 expression in the invasive front also was linked to 14.8% (62.9% vs 48.1%, p = 0.19) better overall survival compared with weak expression; in the tumour bulk, the difference in survival was 18.4% (65.8% vs 47.4%, p = 0.071). The same tendency was seen even more distinctly in the proximal colon: strong expression in both the front and bulk was linked to 28.3% (64.7% vs 36.4%, p = 0.16) better survival; in lymph node metastases, the difference in survival was 50% (50% vs 0%, p = 0.23).
In a stage-adjusted Cox model, strong TLR4 expression showed a trend to association with a better prognosis; in the tumour front, the HR for overall survival was 1.8 (p = 0.074, 95%CI: 0.9-3.3), and in the tumour bulk, it was 1.7 (p = 0.059, 95%CI: 1.0-3.1). There was no significant association between TLR expression and disease-free survival.
TLR2 expression did not associate with overall, cancer-specific, or disease-free survival. In the tumour front, weak TLR2 expression showed some nonsignificant trend to an association with better diseasefree survival than strong expression (92.3% vs 75%, p = 0.28); for expression in lymph node metastases, the difference was even higher (66.7% vs 36.8%, p = 0.23). Similarly, there was a tendency to a better outcome with weak TLR2 expression in lymph node metastasis in the cancer of the distal colon or rectum; the overall survival was 30.6% (60% vs 29.4%, p = the invasive front was associated with metastasis and higher TNM stage. Weak staining was present in 50% (11/22) Weak staining in lymph node metastases also was associated with advanced disease: weak intensity was present in 0% (0/1) of lymph node metastases in stage Ⅱ, 7.4% (2/27) in stage Ⅲ, and 40.0% (6/15) in stage Ⅳ (p = 0.028). TLR2 and TLR4 expression was similar in conventional and serrated carcinomas (data not shown). There also was no association with the presence of a mucinous component. However, tumours with a low WHO grade showed a tendency to strong TLR2 expression in the tumour front and lymph node metastases. In the invasive front, TLR2 expression was strong in 80% of grade Ⅰ, 87.2% of grade 2, and 64.3% of grade 3 tumours (p = 0.078); in the lymph node metastases, strong TLR2 expression was seen in 100% of grade 1, 63.6% of grade 2, and 25% of grade 3 tumours (p = 0.063).
TLR2 and TLR4 expression and survival
To assess the effect of TLR2 and TLR4 expression on overall survival, cancer-specific survival, and disease- 
DISCUSSION
In this study, we found that weak TLR4 expression in the invasive front was associated with poor prognosis in CRC, linked to distant metastases and worse cancer-specific survival. Loss of TLR4 in carcinomas in comparison to normal mucosa supports the idea of a potential tumour suppressor role for the protein. In contrast, TLR2 expression was increased in carcinomas independent of stage, which is in agreement with previous reports [8] . The association with weak TLR2 expression in lymph nodes and better prognosis did not reach significance at the 5% level, even though 30.6% better overall survival seems clinically notable for subgroup analysis; however, a bigger sample size would be needed to make any conclusions. Considering that both TLR2 and TLR4 receptors activate the same cascade [21] , TLR2 upregulation and TLR4 downregulation during progression from normal mucosa to carcinoma indicate the occurrence of a distinct set of alterations in the innate immune response during the development of CRC. TLR4 expression was significantly higher in normal mucosa compared to any cancer samples. Reports on inflammatory bowel disease-associated cancers have yielded contrasting results, and higher TLR4 expression in CRC compared to normal mucosa has been found [9, 22] . The increased TLR4 expression compared to normal tissue also has been reported in sporadic CRC [23] , and another study demonstrated a correlation between high expression of TLR4 and advanced disease [10] . Yet results also have been published showing that the loss of TLR4 correlates with increased metastatic status [24] , and TLR4 expression by tumour cells has been significantly associated with a lower rate of tumour recurrence [25] . Nihon-Yanagi et al [8] showed equally weak TLR4 expression in both cancerous and noncancerous tissue in general, but higher expression in the cancer of the proximal colon. In addition to variable detection methods used, the differences in the analysis schemes are likely explanations for the conflicting results. Previous studies have not examined expression separately in the tumour bulk and invasive front, which we considered to be crucial because tumour infiltration and progression occur in the invasive front. Furthermore, the peritumoural immune reaction and tumour budding at the invasive front have a profound effect on survival in CRC. Functional polymorphisms of TLR2 and -4 show association with the risk and features of CRC, such as differentiation, advanced stage, lymph node status, and metastasis, and also affect expression levels [26, 27] . Accordingly, occurrence of TLR polymorphisms may contribute to contradictory results of expression analyses and warrant further studies.
In normal colorectal mucosa in the current work, gradual accumulation of TLR2 and TLR4 were associated with the location of the epithelial cells, with the highest expression in the surface. In addition to possibly being linked to maturation of epithelial cells, this gradient might reflect the abundance of ligands originating from the luminal flora in this region. Also in CRCs, there was a distinct variation in expression in specific tumour compartments. We found that TLR4 expression in the invasive front was significantly stronger than in the tumour bulk and that lymph node metastases expressed TLR4 more strongly than either the bulk or the front. These findings suggest that areas of tumour with active invasion have higher TLR4 expression, which we speculate might be related to induction by endogenous ligands released from dead or damaged cells and matrix [28] . Again, TLR2 was different, showing similarity between the tumour bulk and the invasive front, and lymph node metastases showed less intensive expression than the primary lesion. However, our findings suggest (p = NS) that if TLR2 expression in lymph node metastases is strong, the prognosis weakens. Because intratumoural or intranodal differences in the supply of microbiological ligands to these TLRs do not likely differ, the observed locationrelated differences might be related to other factors regulating TLR expression, like mediators from the cells in the microenvironment, including endogenous TLR ligands released along with invasion [29] . We speculate that the sum effect of these factors is different in terms of expression of TLR4 and TLR2. Our finding of increased TLR4 expression and decreased TLR2 expression in metastatic carcinoma cells suggests either some selection based on TLR expression levels during the metastatic cascade or that regulatory signals from the lymph node parenchyma cells have opposite effects on TLR2 and TLR4 expression.
High TLR4 expression in the invasive front was related to better prognosis. In the proximal colon, the benefit in terms of cancer-specific survival was 36.9% (p = 0.044), and in overall survival, it was 28.3% (p = 0.16). Tumour bulk showed the same pattern, and in lymph node metastasis, the overall survival benefit was as high as 50%, but likely because of our small sample size, these clinically highly notable differences did not reach statistical significance. In line with our findings, Simiantonaki et al [24] showed that a loss of TLR4 correlated with the presence of metastases, and Eiró et al [25] found that TLR4 expression was associated with a lower rate of recurrence. Mechanisms linking high TLR4 expression with better survival and rarity of metastases remain speculative. Our earlier studies [30] have shown that highgrade peritumoural inflammation is associated with good prognosis, and this finding has also been used in Klintrup-Mäkinen grading; thus, it would be plausible that stronger TLR4 expression would contribute to a stronger inflammatory cell response, eventually protecting against cancer progression. Simiantonaki et al [24] suggested that during CRC development, immunemediated signals downregulate the level of TLR4 expression and that epithelial cells consequently do not respond to lipopolysaccharide with an inflammatory reaction. Thus, the lack of immune response in the tumour would lead to tumour progression. Additionally, they suggested that the loss of TLR4 is linked to the lack of an anti-tumoural immune response [24] . Considering the complexity of the relationship among inflammation, immunity, and cancer, it is not surprising that other studies have reported contrasting findings. In the tumour microenvironment, the inflammatory component may either destroy neoplastic cells or potentiate tumour progression depending on the molecular combinations and expression levels.
Both TRL2 and TLR4 recognize bacteria, and TLR2 also fungal and viral proteins [7, 11] . Recent findings suggest, that gut microbes may play a role in CRC development [31] , but a lot of questions remain, and need further investigation. When it comes to viruses, a recent meta-analysis supports the association of cytomegalovirus infection with colorectal tumour formation [32] . Supporting possible role of Cytomegalovirus, levels of Cytomegalovirus protein were reported to correlate with those of TLR2 and TLR4 in CRC, and Cytomegaloovirus infection in a colorectal carcinoma cell line induced TLR2 production [33] . In conclusion, our study shows that TLR2 is upregulated and TLR4 downregulated in CRC. Low expression of TLR4 at the invasive front associates with short survival, but for TLR2, possible value as prognostic markers could not be established. Further studies with larger study groups are needed to clarify the role of these receptors in the development and prognosis of CRC.
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COMMENTS
Background colorectal cancer (cRc) is a very common disease all over the world.
Peritumoural inflammation is linked to CRC development and prognosis. Tolllike receptor 2 (TLR2) and TLR4 are receptors detecting bacteria and activating the signalling cascade leading to inflammation response.
Research frontiers
The previous knowledge of the role of TLR2 and TLR4 in cRc was scarce or conflicting. However, there were some results suggesting TLR2 upregulation in cRc, but the studies concerning the role of TLR4 in cRc were controversial.
Innovations and breakthroughs
This study shows TLR4 downregulation and TLR2 upregulation in cRc, and low expression of TLR4 in the invasive front of the tumour predicts poor prognosis and metastatic disease.
Applications
These findings give new information of the role of TLR2 and TLR4 in cRc development and prognosis, and can serve as a ground for further studies aiming for better understanding of the factors affecting the course of cRc and more effective and individualized treatment strategies.
Peer-review
In this study the expression of TLR2 and TLR4 in colorectal carcinoma have been investigated. It is observed that TLR4 expression was significantly weaker but TLR2 expression stronger in carcinoma cells when compared to normal mucosa. Moreover, down-regulation of TLR4 in the invasive front of cRc predicted poor prognosis and metastatic disease. Basically this is a well-written study of an interesting topic.
